
MEASUREMENT OF THE REACTIVITY OF A KENTUCKY 9 AND 11 
COAL USING A MICROAUTOCLAVE 

S h u j i  Mori and Bur t ron  H. Davis 

U n i v e r s i t y  o f  Kentucky, I n s t i t u t e  f o r  Min ing and M ine ra l s  Research 
I r o n  Works Pike P.O. Box 13015, Lexington, KY 40583 

The l i q u e f a c t i o n  r e a c t i v i t y  o f  Kentucky #9 and #11 coal  was measured i n  a micro- 
autoclave. 
p s i g  hydrogen pressure. The n o n c a t a l y t i c  conversion, based on p y r i d i n e  e x t r a c t i o n ,  
e x h i b i t e d  a maximum a t  l e s s  than 15 minutes r e a c t i o n  t ime; r e a c t i o n  t imes longer  
than 15 minutes r e s u l t e d  i n  convers ion lower than 90-95% maximum conversion. 
c a t a l y t i c  and n o n c a t a l y t i c  conversions showed c o n t r a s t i n g  behavior  a t  r e a c t i o n  
t imes longer  than 15 minutes. 
when a cobalt-molybdena c a t a l y s t  was and secondary reac t i ons  caused 
the  "apparent conversion" t o  d e c l i n e  a t  r e a c t i o n  t imes g r e a t e r  than 15 mintues. 
The n o n c a t a l y t i c  r e a c t i v i t y  a t  t h e  maximum convers ion depends on the  l e n g t h  o f  
t ime the  coal  i s  presoaked i n  the  t e t r a l i n  so lvent ;  presoaking a t  room temperature 
for  f o u r  days r e s u l t s  i n  a convers ion t h a t  i s  about 5% g r e a t e r  than t h e  convers ion 
obta ined a f t e r  o n l y  a two hour presoaking. 

The conversions were c a r r i e d  o u t  us ing  a t e t r a l i n  s o l v e n t  and 2000 

The 

The convers ion cont inued t o  increase w i t h  t ime 

INTRODUCTION 

Attempts have been made t o  c o r r e l a t e  t h e  l i q u e f a c t i o n  r e a c t i v i t y  o f  coa ls  
t o  t h e  carbon content  (l,Z), w i t h  t h e  petrography (3,4) o r  w i t h  t h e  " r e a c t i v e  
maceral" content  (5,6). Also, experimental d i f f i c u l t i e s  (7-9)  have l i m i t e d  t h e  
data a v a i l a b l e  f o r  s h o r t  r e a c t i o n  times. 

Di f fus ion i s  u s u a l l y  n o t  a problem f o r  r e a c t i o n  i n  a convent ional  batch 
autoc lave w i t h  v igorous a g i t a t i o n ,  b u t  t h e  heatup p e r i o d  i s  l ong  f o r  such a 
system and i t  i s  d i f f i c u l t  t o  assess t h e  i n f l u e n c e  o f  slow heatup on s h o r t  t ime 
coal conversion experiments. 

I n  t h e  present work, a small  g lass  l i n e d  r e a c t o r  capable o f  a r a p i d  heatup 
was used t o  measure the  n o n c a t a l y t i c  and c a t a l y t i c  coal  conversions a t  s h o r t  
r e a c t i o n  times. 

EXPERIMENTAL 

Samples o f  Kentucky No. 9 and tin. 11 were ground t o  -60 mesh and t o  16-36 

The reac to r ,  i l l u s t r a t e d  i n  F igu re  1, was f a b r i c a t e d  from 316 SS. A g lass  

mesh, respec t i ve l y .  The u l t i m a t e  and prox imate a n a l y t i c a l  data f o r  these m a t e r i a l s  
a r e  g iven i n  Table 1. 

l i n e r  o f  about lOcc volume was p laced i n  t h e  reac to r .  The r e a c t o r  was at tached t o  
a man i fo ld  w i t h  a pressure gauge and a valve. A thermowell  o f  1 .59m 0.d. (1/16" 
O.D.) extended i n t o  t h e  l i q u i d  conta ined i n  t h e  reactor .  

ceramic m a t e r i a l  as a f i l l e r  (16-36 mesh); t h e  s o l i d s  were s l u r r i e d  w i t h  approx i -  
mate ly  6gr  o f  t e s t  value. For the n o n c a t a l y t i c  r e a c t i o n  w i t h  Kentucky No. 11 
coal  was approx imate ly  3gr  o f  t h e  c o a l  mixed w i t h  6g r  o f  t e t r a l i n .  
c a t a l y t i c  run  approx imate ly  1.5gr o f  Kentucky No. 11 and t h e  same amount o f  a 
prereduced Co/Mo c a t a l y s t  (American Cyanamid HDS-1442-A, 1/16" ex t ruda te )  were 
mixed w i t h  app ox ima te l y  6g r  o f  t e t r a l i n e .  

The r e a c t o r  was immersed t o  t h e  "nut"  t o p  i n  a f l u i d i z e d  sand bath (Tecam 
Model SLB-2) a t  435OC. The ba th  temperature decreased s l i g h t l y  when t h e  r e a c t o r  
was in t roduced,  b u t  t h e  temperature was r e s t o r e d  t o  435OC w i t h i n  approx imate ly  
one-half minute by manual adjustments o f  t h e  hea te r  c o n t r o l ,  and was mainta ined 
a t  435 2 2OC the rea f te r .  Reactor pressure was recorded a t  one-minute i n t e r v a l s  

Approximately 1.5gr o f  a Kentucky No. 9 coa l  was mixed w i t h  1.5gr o f  ground 

For t h e  

A l l  o f  t h e  r e a c t i o n  was i n i t i a t e d  a t  
3.45 x 106 N/M E (500 psig) hydrogen pressure. 
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and temperatures of t h e  r e a c t o r  and t h e  sand bath 
A t  t h e  end o f  t he  r e a c t i o n  p e r i o d  t h e  r e a c t o r  was q u i c k l y  immersed i n  a c o l d  sand 
bath for  a pe r iod  o f  one minute, t hen  quenched i n  c o l d  water. 
a g i t a t i o n  was app l i ed  to  the  r e a c t o r  o r  i t s  contents  du r ing  r e a c t i o n .  

The r e a c t o r  contents  were t r a n s f e r r e d  t o  a dry, weighed Soxh le t  e x t r a c t i o n  
thimble w i t h  t h e  a i d  o f  p y r i d i n e  and Sochlet  e x t r a c t i o n  w i t h  h o t  p y r i d i n e  (150 m l  
t o t a l )  was c a r r i e d  o u t  under an atmosphere o f  n i t r o g e n  f o r  a p e r i o d  o f  42 hours. 
Py r id ine  was rep laced w i t h  methanol and e x t r a c t i o n  was continued f o r  s i x  hours, 
a f t e r  which t h e  th imb le  and i t s  contents  were d r i e d  ove rn igh t  i n  a vacuum desiccator  
over calcium ch lo r i de .  
oven a t  60OC and was considered t o  be completed when t h e  weight  l o s s  between 
successive four-hour d r y i n g  pe r iods  l e s s  than 10mg. Conversion c a l c u l a t i o n s  are 
based on weights o f  res idues  and a r e  g i ven  on a mois ture-ash- f ree bas is .  

I n  the course o f  t h i s  work i t  became ev iden t  t h a t  t he  methanol e x t r a c t i o n  s tep  
d i d  not remove a l l  o f  t he  p y r i d i n e  f rom t h e  p y r i d i n e  i nso lub les  and t h a t  some 
p y r i d i n e  was s t r o n g l y  r e t a i n e d  by t h e  res idues  a t  6OoC (vacuum). 
o f  p y r i d i n e  could be accomplished a t  150°C (vacuum) b u t  t h e  r e s u l t i n g  weight  losses 
were too small t o  change c a l c u l a t e d  conversions s i g n i f i c a n t l y  o r  a l t e r  i n t e r p r e -  
t a t i o n s  g i ven  below. 

were recorded cont inuously .  

No mechanical 

D ry ing  o f  t h e  e x t r a c t i o n  res idue  was cont inued i n  a vacuum 

Thorough removal 

RESULTS AND DISCUSSION 

For a Kentucky No. 9 coa l ,  t h e  convers ion depends on the  r e a c t i o n  temperature 
as shown i n  F igu re  2. The convers ion,  i n  t h e  absence o f  a c a t a l y s t ,  reached a 
maximum i n  10 t o  15 minutes and s l o w l y  decreased 
t o  the p y r i d i n e - i n s o l u b l e  "coke" format ion.  Such conversions a t  15 minutes are 
shown i n  F igure 1 as a f u n c t i o n  o f  temperature between 350° and 50OOC. 
450°C, coking i s  so severe a t  the r e a c t i o n  t ime  t h a t  t h e  coal conversion, based 
on p y r i d i n e - i n s o l u b l e ,  appears t o  be q u i t e  low. 

t e t r a l i n  so l ven t  p r i o r  t o  r e a c t i o n  may a l t e r  t h e  maximum conversion. The 
in f l uence  o f  room temperature presoaking of t h e  coa l  sample i n  t e t r a l i n  was 
determined f o r  pe r iods  v a r y i n g  f rom two hours t o  two weeks. 
f o r  a 15-minute r e t e n t i o n  t ime  was t h r e e  t o  f o u r  percent  lower  f o r  the two hour 
presoaking than f o r  soaking f o r  one day o r  l onger  (F igu re  3). 
i n  t h i s  r e p o r t  a presoaking o f  24 hours was employed. 

The conversion w i t h  and w i t h o u t  a c a t a l y s t  i s  presented i n  F igu re  4. For 
t h e  nonca ta l y t i c  convers ion o f  t h e  Kentucky No. 9 coa l  a t  435OC, a maximum 
conversion o f  about 90% i s  ob ta ined  a f t e r  a r e a c t i o n  t ime  o f  10 t o  15 minutes. 
The r e p r o d u c i b i l i t y  o f  t h e  convers ion f o r  d u p l i c a t e  runs a t  each r e t e n t i o n  t ime 
was b e t t e r  than 2 1.5%. 
shows a gradual decrease. 
formation o f  " p r y i d i n e  i n s o l u b l e  coke." 
t he  py r id ine  e x t r a c t i o n  conf i rmed t h e  presence o f  coke a t  the l a t e r  r e a c t i o n  times. 
Some i n v e s t i g a t o r s  have r e p o r t e d  a s i m i l a r  maximum (10) w h i l e  o t h e r s  have n o t  
observed the  maximum (11). 

prevent  compaction o f  t h e  coa l  p a r t i c l e s  due t o  s e t t l i n g ,  t he  coal  was mixed w i t h  
ceramic P a r t i c l e s  16-36 mesh. The l a r g e r  p a r t i c l e  s i z e  Kentucky No. 11 coal  was run  
w i thou t  t he  ceramic ma te r ia l .  The use o f  t h e  l a r g e r  coa l  p a r t i c l e s ,  as w e l l  as the  
e b u l l a t i n g  bed a g i t a t i o n  due t o  t h e  i n i t i a l  hea t ing  o f  t h e  b o t t o n  o f  t h e  t a l l ,  narrow, 
reactor ,  enabled us t o  o b t a i n  r e p r o d u c i b l e  convers ion w i t h o u t  mechanical a i t a t i o n .  

The temperature dependence o f  t h e  n o n c a t a l y t i c  convers ion of  a Kentucay No. 
11 coal was presented i n  F i g u r e  2. 
t imes was near l y  the  same i n  the temperature range 400-45OOC and t h i s  convers ion 
i s  represented i n  F igu re  4 by t h e  symbol a. 
p y r i d i n e  so lub les,  i s  t h e  same f o r  t he  Kentucky No. 9 and No. 11 coal; however, 

f o r  longer  r e a c t i o n  t imes due 

Above 

Pre l im ina ry  work i n d i c a t e d  t h a t  t he  l e n g t h  o f  coa l  presoaking t ime i n  the 

The maximum conversion 

I n  the  o t h e r  runs 

A t  r e a c t i o n  t imes g r e a t e r  than 15 mintues, t he  conversion 

Petrographic  ana lys i s  o f  t he  res idue  from 
Th is  convers ion d e c l i n e  appears t o  be due t o  the  

The Kentucky No. 9 coa l  was ob ta ined  as a -60 mesh powder. I n  o rde r  t o  

The convers ion a t  t he  15-minute r e a c t i o n  

The maximum conversion, based on 



many more coals  must be conver ted t o  v e r i f y  whether t h i s  i s  g e n e r a l l y  t h e  case. 

conversion. However, the observed f i f t e e n  minute c a t a l y t i c  convers ion i s  lower  
than t h e  n o n c a t a l y t i c  conversion. 
n o n c a t a l y t i c  convers ion a t  l onger  r e a c t i o n  t imes s ince  t h e  c a t a l y t i c  convers ion 
continues t o  increase whereas t h e  n o n c a t a l y t i c  convers ion decreased w i t h  l onger  
r e a c t i o n  times. 

conversion. One comp l i ca t i on  i s  due t o  chemical changes i n  t h e  c a t a l y s t  d u r i n g  
the  r e a c t i o n  per iod.  
and t r a n s f e r r e d  t o  the  r e a c t o r  i n  a d r y  box. However, t h e  c a t a l y s t  i s  s u l f i d e d  
t o  some ex ten t  du r ing  the  r e a c t i o n  per iod.  The c a t a l y s t  used f o r  t h e  60 minute 
run contained, a f t e r  t h e  Soch le t  e x t r a c t i o n ,  one w t . %  su l fu r .  However, t h i s  
amount o f  s u l f u r  can account f o r  o n l y  a small  f r a c t i o n  o f  t h e  lower  convers ion 
observed a t  t he  15 minute r e a c t i o n  t ime.  
on the Co-Mo/A1203 c a t a l y s t  a re  respons ib le  f o r  apparent low convers ion much t h e  
same as observed i n  t h e  r u n  w i t h  Kentucky No. 9 coal w i t h  t h e  ceramic ma te r ia l .  
The c a t a l y s t  may cause coke depos i t i on  more r a p i d l y  than the  ceramic m a t e r i a l  s ince  
the c a t a l y t i c  convers ion i s  h ighe r  a t  a l l  t imes than t h e  n o n c a t a l y t i c  convers ion 
a t  60 minutes w i t h  ceramic ma te r ia l  present. I n  a d d i t i o n ,  t h e  "coke" on t h e  
c a t a l y t i c  m a t e r i a l  appears t o  be s low ly  hydrogenated t o  y i e l d  gaseous and l i q u i d  
products a t  h ighe r  conversions as t h e  r e a c t i o n  t ime increases. 

There a re  a number of p o s s i b i l i t i e s  t o  e x p l a i n  why t h e  c a t a l y t i c  convers ion 
i s  lower than t h e  n o n c a t a l y t i c  convers ion a t  e a r l y  r e a c t i o n  t imes. 
reason f o r  t h i s  may be due t o  a r a p i d  c a t a l y t i c  convers ion t o  secondary products  
compared t o  the  convers ion o f  coal  t o  p r imary  products. 
conversions o f  p r imary  l i q u i d  products a r e  hydrogen consuming, i t  i s  poss ib le  
t h a t  t he  hydrogen donor s o l v e n t  (and/or hydrogen) i s  dep le ted  t o  the  p o i n t  where 
the  pr imary coal l i q u e f a c t i o n  i s  h indered because o f  lower  hydrogen concentrat ion.  

The c a t a l y t i c  convers ion o f  a coal  should be more r a p i d  than t h e  n o n c a t a l y t i c  

The c a t a l y t i c  convers ion a l s o  d i f f e r s  from t h e  

The c a t a l y t i c  convers ion i s  more d i f f i c u l t  t o  e x p l a i n  than t h e  n o n c a t a l y t i c  

I n  the  present  runs t h e  c a t a l y s t  was prereduced a t  5OO0C 

One p o s s i b i l i t y  i s  t h a t  "coke" depos i t s  

Another 

S ince these c a t a l y t i c  

TABLE 1 

ULTIMATE AND PROXIMATE ANALYSIS 

PROXIMATE 
ANALYSIS (WT.%) 

Mois ture 
Ash 
VM 
FC 

KY-9 COALa 

1.7 
10.9 
42.1 
45.3 

KY-11 COALb 

6-47' 
9.81 

38.4 
45.7 

ULTIMATE 
ANALYSIS (WT.%) 

C 66.5 66.89 
H 4.9 4.63 
N 0.9 0.54 
S 4.3 3.11 

a C a l o r i f i c  value, 12,230 BTU/lb. 

b C a l o r i f i c  value, 12,310 BTU/lb. 

'As rece ived  basis. 
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The SRC conversion data i n  F igu re  5 was obta ined i n  the  W i l s o n v i l l e ,  Alabama 
6 ton lday demonstrat ion p l a n t  (10)- and t h e  H-coal data was obta ined i n  the  3 ton/  
day PDU a t  Hydrocarbon Research, I nco rpo ra ted  (11). The conversion, compared on a 
hydrogen consumption bas is ,  i s  l ower  f o r  t he  runs w i t h o u t  a c a t a l y s t  than when a 
c a t a l y s t  was used. 
ma te r ia l s .  Thus, i t  appears t h a t  t h e  da ta  obta ined i n  the  n i c roau toc lave  show the 
same t rend  as obta ined i n  t h e  much l a r g e r  reac to rs .  

The conversions i n  bo th  runs were based on p y r i d i n e  s o l u b l e  

1. 

2. 

3. 
4. 
5. 

6. 

7. 

a. 
9. 

10. 

11. 
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1/16" dia.  Thermocouple 
/- 

l a s s  Liner Tube 

,,-/Reactor Wall, SS-316 

Figure 1. 
of the microautoclave reactor. 

A schematic drawing of the  bottom portion 

' ""I 

Reaction time 15 min. 
Kentucky Coal #11 
Toluene/coal = 2/1 w t .  
nonca ta  l y t  i c  conv. 
i n i t i a l  H2 press. 500 psig 
pa r t i c l e  s i ze  16-35 mesh 

I 
0 
I 

0 1  I I I I 

350 400 450 500 

TEMPERATURE ( O C )  

Figure 2. 
reaction a t  f i f t e e n  minutes reaction time. 

The dependence on the  conversion f o r  the noncatalytic 
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F igu re  4. 
c a t a l y s t .  

The t i m e  dependency of t h e  convers ion  w i t h  and w i t h o u t  
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